B5 I 

iiiiiiiiiiiiiiiiin i 

(11) EP li)06 374 A2 I 



(12) EUROPEAN PATENT APPLICATION 

(43) Date of publication; (51) Int Cl7: G02B 1/04, C08L 81/00 

07.06.2000 Bulletin 2000/23 

(21) Application number: 99123196.0 



(22) Date of filing: 24,11.1999 



(84) Designated Contracting States: 


• Takeuchi, Motoharu, 


AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 


Mitsubishi Gas Chem. Com. Inc. 


MCNLPTSE 


Katsushlka-ku, Tokyo (JP) 


Designated Extension States: 


• NilmI, Atsuki, 


AL LT LV MK RO SI 


Mitsubishi Gas Chem. Com. Inc. 




Katsushika-ku, Tokyo (JP) 


(30) Priority: 01.12.1998 JP 34192798 


• HorikoshI, Hiroshi, 


25.12.1998 JP 37022298 


Mitsubishi Gas Chem. Com. Inc. 




ICatsushika-ku, Tokyo (JP) 


(71) Applicant: 


* Takasuka, IMasaaki, 


MITSUBISHI GAS CHEMICAL COMPANY, INC. 


Mitsubishi Gas Chem. Com. Inc. 


Tokyo 100-0005 (JP) 


ICatsushika-ku, Tokyo (JP) 


(72) Inventors: 


(74) Representative: 


* Yoshimura, Yuichi, 


Gille Hrabai Struck Neldlein Prop Roos 


Mitsubishi Gas Chem. Com. Inc. 


Patentanwdfte 


Katsushil(a-ku, Tokyo (JP) 


Brucknerstrasse 20 




40593 Dusseldorf (DE) 



(54) Process for producing a resin having a large refractive index 



(57) A process for producing a resin having a large 
refractive index which conprises curing an episutfide 
compound having one or more epithlo structures repre- 
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to 3.0 parts by weight of a phenol derivative per 100 
parts by weight of the episutfide compound. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to a process for producing c^cal materials such as plastic lenses, prisms, 
optical fibers, Information recording substrates and filters, and more particularly, to a process for producing plastic 
lenses of glasses. 

to 

2. Description of the Related Arts 

[0002] Plastic materials have widely been used for various optical materials, particularly as lenses of glasses, 
ecaus I eight, toughness and easiness of tinting. The properties required for optical materials, particularly for lenses of 

/5 glasses, are a low specSic gravity, excellent transparency, suppressed yellow cobr and optical properties which are a 
large refractive index and a large Abbe number. A targe refractive index is inrportant to decrease the thickness of a lens. 
A large Abbe number is important to deaease chromatic aberration of a lens. The present inventors have discovered 
novel episutfide compounds which can provide optical materials having a small thickness and a small chromatic aber- 
ration, i.e.. a refractive index of 1.7 or larger and an Abbe number of 35 or larger, as disclosed in the specifications of 

20 Japanese Patent Application Laid-Open Nos. Heisei 9(1997)-71580. Heisei 9(1 997)- 110979 and Heisei 9(1997)- 
255781 . The optical materials obtained in accordance whh these inverrtions can provide sufficient quality in appearance 
w^en the optical materials are used for ordinary plastic lenses. However, plastic lenses may be used in very hot condi- 
tions or exposed to light for a very long time. Therefore, it is desired that optical materials have more improved proper- 
ties such as more improved oxidation resistance and light resistance. Moreover, it is almost needless to mention that a 

25 resin leaving more colorless and transparent appearance is preferable when the resin is used as an optical nnaterials 
such as a material for optical tenses. 

SUMIVIARY OF THE INVENTION 

30 [0003] An object of the present invention is to solve the above problems and to provide a process for producing a 
resin having a large refractive index which exhibrts more improved light resistance, oxidation resistance, transparency 
and color tone than those achieved in accordance with conventional technologies using an episutfide cormpound having 
an epithio structure represented by formula (1) or a composition comprising ^e eptsutfide compound as the material. 

Formula (1): 



S 

45 (R"* r^esents a hydrocartx>n group having 1 to 10 carbon atoms, R^, R^ and R^ each represents hydrogen atom or a 
hydrocart>on group having 1 to 10 cai1x)n atoms, Y represents S. O. Se or Te and m and n each represents 0 or 1 .) 
[0004] As tiie result of intensive studies by the presertt inventors to produce a resin having a large refractive index 
which exhibits excellent light resistance, oxidation resistance, transparency and color tone from an episulf ide compound 
having epitiiio structures represented by fonmila (1) or a composition comprising the episulf ide compound, it was found 

50 that a resin having a large refractive index which exhibits excellent light resistance and oxidation resistance can be 
obtained by curing an episulf ide compound having epithio structures represented by formula (1) or a conposition com- 
prising the episulfide compound by polymerization in the presence of a phenol derivative. It was also found that a resin 
having a large refractive index which exhibits excellent light resistance and oxidation resistance can be obtained by 
using at least one polymerization catalyst selected from the group consisting of quaternary ammonium salts, quater- 

55 nary phosphonium salts, tertiary sulfbnium salt and secondary iodonium salts as the polynrrerization catalyst. The 
present invention has been completed on tfie basis of tiie above knowledge. 
[0005] The present invention provides: 
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A process for produdr^g a resin having a large refractive index which conprises curing ag^isulfide compound 
having one or more epithio structures represented by formula ( 1 ) in one molecule or a composition conprising 1 0% 
by weight or rrrare of the episulfide compound by polymerization in the presence of a polymerization catalyst and 
0.O01 to 3.0 parts by weight of a phenol derivative per 100 parts by weight of the episulfide cwrpound or the com- 
position, respectivdy; and 

A process for producing a resin having a large refractive index which conprises curing an episulfide compound 
having one or more epithio structures represented by fornrttjia (1) in one niolecule or a conposition conprising 10% 
by weight of the episulfide compound by polynrerization in the presence of 0.001 to 3.0 parts by weight of at least 
one polymerization catalyst selected from the group consisting of quaternary ammonium salts, quaternary phos- 
phonium salts, tertiary sulfonium salts and secondary iodonium salts per 1 00 parts by weight of the episulfide com- 
pound or the conposition, respectively. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0006] The episulfide conpound is used in the present invention so that the prepared optical material exhibits a 
large refractive index and a large Abbe number in an excellent balanca Therefore, it is preferable that R^ in formula (1) 
represents methylene group or ethylene group and R^, R^ and each represents hydrogen atom or methyl group. It 
is more preferable that R"* represents methylene group and R^. R^ and R^ each represents hydrogen atom, n repre- 
sents 0 or 1 and preferably 1 . Y n^ay represent either S or O. When a large refractive index is more inportant, it is pref- 
erable that Y represents S. 

[0007] Among the above compounds having episulfide structures represented by formula (1) used in the present 
invention, compounds having two or nnore structures represented by formula (1) are preferable. Specific examples of 
the compound having the structure represented by formula (1) include the following conpounds (A) to (E): 

(A) Organic conpounds having epithio groups excluding organic conpounds (B) to (C) listed in the following 

(B) Organic conrpounds having ^>ithioalkyIoxy groups 

(C) Organic conpounds having ^thioalkytthio groups 

(D) Organic conpounds having epithioalkylseleno groups 

(E) Organic conpounds having epithioalkyrtelluro groups 

[0008] Organic conpounds (A), (B). (C), (D) and (E) have a chain backbone structure, an aiicyclic backbone struc- 
ture, an aromatic backbone structure or a heterocyclic backbone structure having nitrogen atom, oxygen atom, sulfur 
atom, selenium atom or tellurium atom. The organic compounds may have a conr*)ination of epithio group, epithioalky- 
loxy groups, epithioalkyfthio groups, epithioalkylsel^o group and epithioalkyltelluro group in one nrolecule. The organic 
conpound may also have sutfide linkages, selenide linkages, telluride linkages, ether linkages, sulfone linkages, ketone 
linkages, ester linkages, amide linkages or urethane linkages. 

[0009] Preferable examples of the organic conpound having epithio groips of compound (A) include conpounds 
obtained by replacing one or more epoxy groups in conpounds having epoxy groups (not glycidyl groups) with epithio 
groups. Specific examples of the above conpound include: 

Organic conpounds having a chain aliphatic backbone structure such as 1 . 1 -bis(^ithioethyl)methane, 1 -(epithioe- 
thyl)-l-0-epithiopropyl)-methane, 1,1-bis(p-eprthiopropy1)methane, 1-(epithioethyl)-1-(p-epitWcpropyl)ethane, 1,2- 
bis(p-epithioprqF)yl)^hane, 1-(^ithioethyI)-3-0-epithiopropyl)butane, 1,3-bis(p-epithiopropyl)propane, 1-(^hioe- 
thyl)-4-(p-epithiopropyl)pentane. 1.4-bis(p-epitWopropyi)butane, 1-(^ithio-ethyl)-5-(p-epithiopropyi)hexane, 1-(epi- 
thioelhyl)-2-(r-epitNobLrtylthio)-ethane. 1-(epithioethyl)-2-[2-(repithiobutyithio)ethylthk>]ethane, . tetrakfe-(p- 
epithiopropyi)methane, 1.1,1 -tris(p-epithiopropyl)propane, 1 ,3-bis(p-epithiopropyl)- 1 -(p-epithiopropyt)-2-thiapro- 
pane and 1 ,54Dis(p-epithiopropyO-2,445is(p-epithk)propyl)-3-thiapentane; 

Conpounds having an alicydic backbone structure such as 1,3- and 1.4-bis(epithioethyl)cyclohexanes. 1,3- and 

1 .4- bis(p-eprthiopropyl)cydohexanes, bis[4-(epithioethyl)cyclohQxyl]nfTethane, bis[4-(p-epithiopro- 
pyl)cydohexyI]methane. 2,2-bis[4-(epithioethyl)cydohexyllpropane, 2.2-bis[4-(p-epithiopropyl)cyclohexyl]propane. 
bis[4-(p-epithiopropyf)cyclohexyl] sulfide. bis[4-(epithio^hyl)cydohexyl] sulfide. 2,5-bis(epithioethyl)-1.4-ditNane. 

2.5- bis(p-epithiopropy!)-1.4-drthiane, 4-epithioethyl-1 .2-cyclohexene sulfide and 4-epoxy-1 ,2-cyclohexene suHide; 
Conpounds having an aromatic backt)one structure such as 1,3- and 1,4-bis{epithioethyl)benzenes, 1.3- and 1.4- 
bis(p-epithiopropyf)benzenes. bis[4-(epithioethyl)phenyf]methane. bis[4-(p-^tthiopropyl)phenyljmethane. 2,2- 
bis[4-(epithioethyOphenyl]propane. 2,2-bis[4-(p-epithiopropyl)phenyl]propane. bis[4-(epithioethyl)phenyl] sulfide. 
bis[4-(p-epithiopropyI)phenyll sulfide, bis[4-(epithioetlvl)phenyl] sulfone, bis[4-(p-epithiopropyl)phenyl] sulfone, 
4,4'-bis(epithioethyl)biphenyl and the like conpounds and 4,4'-bis(p-eptthiopropyl)kMphenyl and the like com- 
pounds; and 
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Compounds obtained by replacing at least one hydrogen atom of the epithio group with methyl g0)up. 

[001 0] Preferable examples of the organic compound having one or more epithioalkyloxy groups of compound (B) 
include compounds obtained by replacing one or more glyddyl groups in epoxy compounds derived from an epihalohy- 

5 drin with epithioalkyloxy groups (thioglycidyl groups). Specific examples of the above epoxy compound include epoxy 
compounds derived from phenols which are produced by condensation of epihalohydrins with polyhydric phenols such 
as hydroquinone, catechol, resorcinol, bisphenol A. bisphenol F, bisphend sulfone, bisphend ether, brsphend sulfide, 
halogenated bisphenol A and novolak resins; epoxy compounds derived from alcohols which are produced by conden- 
sation of epihalohydrins with polyhydric alcohols such as ethylene glycol, diethylene glycol, triethytene glycol, polyeth- 

10 yiene glycol, propylene glycol, dipropylene glycol, polypropylene glycol. 1,3-propanediol, 1,4-butanediol. 1,6- 
hexanedid. neopenty! glycol, glycerol, trimethylotpropane trimethacrylate, pentaerythritol. 1,3- and 1 ,4-cyclohexanedi- 
ols, 1 .3- and 1 ,4-cyclohexanedimethanoIs, hydrogenated bisphenol A, adducts of ethylene oxide and bisphenol A and 
adducts of propylene oxide and bisphenol A; epoxy compourtds of glycidyt esters which are produced by condensaticn 
of epihabhydrins with polybasic cartx)xytic acid conrpounds such as adipic acid, sebadc acid. dodecanedicartx»cylic 

75 acid, dimer acid, phthalic actd. isophthalic add, terephthalic add, tetrahydrof^l^lic add, methyltetrahydrophthalic 
acid, hexahydrophthalic acid, hexahydroisophthalic add, hexahydroterephthalic acid. HET acid, nadic ackt, maleic add, 
sucdnic acid, funraric acid. trimellKic acid, benzenetetracarboxylic add. benzophenonetetracarboxylic add, naphtha- 
lenedicart>oxylic add and dtphenyldicartx>xylic acid; epoxy compounds derived from anmnes which are produced by 
condensation of epihalohydrins with primary diamines such as ethyl enediamine, 1.2-diaminopropane. 1 ,3-diaminopro- 

20 pane, 1.2-diaminobulane, 1 ,3-diaminobutane. 1,4-diaminobutane, 1 ,5-diaminopentane, 1 ,6-diaminohexane, 1,7-diami- 
noheptane, 1 .8-diaminooclane, bis(3-aminopropyl) ether, 1 .2-bis(3-aminopropoxy)ethane. 1 ,3-bis(3-aminopropoxy)- 
2.2*-dimethyIpropane, 1.2-. 1.3- and 1 ,4-bisamin6cyclohexanes. 1,3- and 1.4-bisanrnnomethylcyclohexanes, 1,3- and 
1 ,4-bisaminoethyIcydohexanes, 1,3- and 1 ,4-bisaminopropylcyclohexanes, hydrogenated 4,4'-diaminodiphenylmeth- 
ane. isophoronediamine. 1 .4-bisaminopropylpiperadine. nrv and p-phenylenediamines, 2,4- and 2,6-tdylenediamines, 

25 m- and p-xylylenediamines. 1.5- and 2,6-naphthalenediamines, 4,4'-diaminodiphenylnr>ethane, 4,4*-diaminodiphenyl 
ether and 2.2-(4,4'-dianrBnodiphenyl)propane; epoxy conpounds derived from amines which are produced by conden- 
sation of epihalohydrins with secondary diamines such as N.N'-dimethylethylenediamine. N,N'-dimethyl-1.2-diamino- 
propane. N.N'-dimethyt-1.3-diaminopropane, N,N'-dimethyl-1 .2-dlaminobutane, N,N*-dimethyl-1 ,3-diaminobutane. 
N.N*-dimettTyl-1.4-diaminot)utane, N.N'-dlmethyl-1,5-diaminopentane, N,N*-dimethyl-1 ,6-diaminohexane. N.N*-dime- 

30 thyl-1,7-diaminoheptane. N.N'-diethylethylenediamine, N,N'-diethyl-1,2-diaminopropane. N.N*-diethyl-1,3-diaminopro- 
pane. N,N'-diethyi-1,2<iiaminobutane, N.N'-diethyl-1.3-diaminobutane, N,N'-diethyl-1,4-diaminobutane, N.N*-diethyl- 
1 .6-diaminohe3ane, piperadine, 2-methylpperadine. 2,5- and 2.6-dimethylpiperadines, homopiperadine, 1 , 1 •di{4-piper- 
adyl)methane, 1 ,2-di{4-piperidyf)ethane, 1,3-di(4-ptperidyI)propane arKi 1,4-di(4-piperidyObutane; and epoxy com- 
pounds of urethane produced from the above polyhydric alcohols, the above phenols, diisocyanates and glycidol. 

35 [001 1 ] More specific examples of connpourtd (B) include: 

Compounds having a chain aliphatic backbone structure such as bis(p-eprthiopropyl) ether, bis(p-eprthiopropy- 
loxy)methane, 1 .2-bis(p-epithioproFyloxy)ethane, 1 ,3-bis(p-eptthicpropyioxy)propane, 1 .2-bis(p-epfthiopropy- 
loxy)propane, 1-(p-epithiopropylQxy)-2-(p-epithiopropyloxymethyl)propane, 1,4-bis{p-epithiopropyloxy)butane, 1,3- 

40 bis(|J-epithiopropyloxy)butane, 1-(p-eFMthiopropyloxy)-3-(p-epith!opropylQxy-methyl)butane. 1,5-bis(p-epithiopropy- 
loxy)pentane. 1-{p-epithiopropyloxy)-4-(p-epithiopropyloxymethyl)pentane, . 1,6-bis(p-epithiopropyloxy)hexane. 1- 
(p-epithiopropyloxy)-5-(p-epithiopropytoxymethyl)hexane, 1-(p-epithiopropyloxy)-2-[(2-p-epithiopropylQxye- 
thyI)oxy]ethane, 1-(p-^thiopropyloxy)-2-[[2-(2-p-epithiopropyIoxyethyOoxyethyOoxy]ethane. tetrakis-{p-^ithiopro- 
pyloxymethyl)methane, 1.1,1 -tris{p-epithiopropylQxymethyi)propane. 1 ,5-l>is(p-epithiopropyloxy)-2-(p- 

45 epithiopropyloxymethyl)-3-thiapentane, 1 ,5-bis(p-epithiopropyloxy)-2.4-bis(p-epithiopropylQxymethyl)-3-thiapen- 
tane, 1 -(p-epithiopropyloxy)-2.2-l>is(p-epithiopropylQxymethyI)-4-thiahexane, 1 ,5.6-tris{p-epithiopropyloxy)-4-(p- 
epithiopropyloxymethyl)-3-thiahexane, 1,8-bis(p-epithiopropyloxy)-4-{p-epithiopropyloxymethyl)-3.6-dithiaoctane, 
1 .8-bis{p-epithiopropyloxy)-4,5-bis(p-epithiopropyloxymethyO-3,6-dithiaoctane, 1 .8-bis(p-epithiopropyloxy)-4.4- 
bis(p-epithiqxopyloxym6thyl)-3.6<fithiaoctane. 1.8-bis(p-eprthk)propyloxy)-2.4,5Ttris(p-epithiopropyloxymethyl)- 

50 3.6-dithiaoctane, 1.8-bis(p-epitNopropyloxy)-2.5-bis(p-epithiopropytQxymethyl)-3.6-cfithiaocla 1 .9-bis(p-epithio- 
propytoxy)-5-(p-epithiopropyloxynfiethyO-54(2-p-epithiopro^ 1 , 1 0-bis(p-ep- 

thiopropyloxy)-5.6-Ws[(2-p-epithiopropylcixy^hyI)oxy]-3,6.9-trithiadecan^ 1,11 -bis(p-eprthiopropylQxy)-4,8-bis(p- 
epithiopropy!oxymethyl)-3.6,9-trithiaundecane, 1,11 -bis(p-epithiopropyloxy)-5,7-bis(p-epithiopropyloxymethyl)- 
3.6,9-trithiaundecane. 1,11-bis(p-epithiopropyioxy)-5J-[(2-p-epithicp'opylQxyethyOoxynriethyO 

55 cane and 1 ,1 1 -bis(p-epithiopropyloxy)-4.7-bis(p-epithiopropyIoxymethyO"3.6.9-trithiaundeca 

Compounds having an alicycGc backtx)ne structure such as 1 ,3- and 1 .4-bis(p-epithioprcpyioxy)cyclohexanes, 1 ,3- 
and 1,4-bis(p-epithiopropyloxymethyl)cydohexanes. bis(4-(p-epithiopropyioxy)cycIohexyi]methane, 22-bis[4-{p- 
epithiopropyloxy)cyclohexyi]propane. bis[4-(p-epithiopropyloxy)cyclohexyf] sulfide, 2,5-bis(p-epithiopropytoxyme- 
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thyl)-1 ,4-drthiane and 2,5-bisO-epithiopropy!oxyethyloxymethyl)-1 ,4-d'rthiane; - 

Cktrrpounds having an aronratic backbone structure such as 1,3- and 1,4-bis(p-epithiopropyloxy)ben2enes. 1.3- 
and 1,4-bis(p-epTthiopropyloxymethyf)benzenes, bis{4-(p-epithiopropyloxy)phenyl]methane, 2,2-bis[4-(p-eprthio- 
propyloxy)phenyl]propane, tMS[4-(p-eprthiopropylQxy)phenyl] sulfide, bis[4-0-epithiopropyloxy)phenyi] sulfone and 
5 4,4'-bis(p-epithiopropyloxy)biphenyI; and; 

Compounds obtained by replacing at least one hydrogen atom In the epithio group of the above compounds with 
methyl group. > 

[0012] Preferat>le examples of the organic compound having one or nx>re epithioalkylthio groups of compound (C) 
10 include corrpounds obtained by repladng one or rriore epoxyalkylthio groups (specifically, p-epoxypropylthio groups) in 
epoxy compounds derived from a compound having mercapto group arxl an epihalohydrin with epithioalkylthio groups. 
Specific examples of the above conpound include: 

Organic conrpounds having a chain aliphatic backtx)ne structure such as bisO-epithiopropyl) sulfide. bis(p-eprthio- 

15 propylthio)methane, 1.2-bis(p-epithiopropylthio)ethane. 1,3-bis(p-epithiopropylthio)propane, 1 ,2-bi&(p-q5ithiopro- 
pylthio)propane, 1-(p-epithiopropytthio)-2-(p-epithic^ropylthiomethyl)propane, 1 ,4-bis(p-epithioprc^lthio)tHJtane, 
1,3-bis(p-ep(thiopropylthio)butane, 1 -(p-epith»opropylthio)-3-(p-epithiopropylthiomethyl)-butane, 1 .5-bis(p-epithio- 
propylthio)pentane. 1 -(p-epithiopropylthio)-4-(p-epithiopropyfthiomethyl)pentane, 1 ,6-bis(p-epithiopropylthio)hex- 
ane. 1-(p-epithiopropylthio)-5-(p-epithiopropylthjomethyl)hexane. 1-(p-epithiopropylthio)-2-[(2-p- 

20 epithiopropyithioethyl)thio]ethane, 1-(p-epithiopropylthio)-2-[[2-(2-p-epithiopropylthioethyl)thioethyl]thio]ethane; 
tetrakis(p-epithiopropylthiom0thyl)methane, 1.1,1 -tris{p-epithiopropylthiomethyl)propanG, 1 ,5-bis{p-eprthiopro- 
pylthio)-2-(p-Gpfthiopropylthiomethyl)-3-thiapentane, 1,5-bis(p-epithiopropytthio)-2,4-bis(p-8pithiopropylthiome- 
thyl)-3-thiapentane. 1 -(p-epithiopropyrthio)-2.2-bis(p-epitNopropylthiomethyO-4-thiahexane, 1 .5,6-tris{p- 
epithiopropylthio)-4-(p-epithicpropytthiomethyl)-3-thiahexane. 1,8-bis{p-epithiopropylthio)-4-(p-epithiopropylthi- 

25 omethyl)-3.&<iithiaoctane, 1 ,84)is{p-epithiopropylthio)-4.5-bls(p-epithiopropylthiomethyl)-3.6-dithiaoc1ane. 1 ,8- 
bis(p-epithiopropylthio)-4,4-bis(p-epithiopropylthiomethyO-3.6-dithiaoctane. 1.8-bis(p-epithiopropylthio)-2.4.5- 
tris(p-epithiopropylthiomethyl)-3.6-dithiaoctane. 1,8-t«s(p-epithiopropyithio)-2.5-bis(p-epithiopropylthiomethyl)-3,6- 
dithiaoctane, 1.9-bis(p-epithiopropylthio)-5-(p-epithlopropylthiomethyO-5-[(2-p-epithiopropytthio^^ 
3.7-dithianonane. 1 .10-bis(p-epithiopropyfthio)-5.6-bis[(2-p-epithiopropylthioethy[)thio]-3,6,9^^ 1.11- 

30 bis(p-epithiopropylthio)-4,8-bis(p-epithiopropylthiomethyl)-3,6.9-trithiaundecane, 1,11 -bis(p-epithiopropylthio)-5,7- 
bis(p-epithiopropytthiomethyI)-3,6,9-trithiaundecane, 1,11 -bis(p-epithiopropylthio)-5.7-[(2-p-epithiopropylthioe- 
thyl)thiomethyl]-3.6,9-tritNaundecane and 1 ,1 1-bis(p-epithiopropytthio)-4,7-bis(p-epithiopropylthiomethyl)-3.6,9- 
trithiaundecane; 

Chain conrpounds having an ester group and an epithioalkylthio groip such as tetra[2-(p-epithiopropyithio)acetyl- 
35 methyl]methane. 1 , 1 ,1 -tri[2-(p-epithiopropytthio)acetylmethyl]propane, tetra[2-{p-epithiopropylthiomethyi)acetyl- 
methyljmethane and 1 ,1,1 -tri[2-(p-epithiopropylthiomethyl)acetylmethy0propane; 

Corrpounds having an alicydic backbone structure such as 1 ,3- and 1 ,4-bis(p-epithiopropytthio)cyclohexanes. 1 ,3- 
and 1.4-bis(p-epithiopropytthiomethyl)cyclohexanes. kMS(4-(p-epithiopropylthio)cyclohexyI]methane. 2,2-bis[4-(p- 
epithiopropylthio)cyclohexyqpropane, bis[4-(p-epithiopropylthio)cyclohexyI] sulfide. 2.5*is(p-epithiopropylthiome- 

40 thyl)-1 ,4-<fithiane and 2,5-bis(p-epithiopropylthioethyl1hiomethyl)-1 ,4-<Jithiane; 

Corrpounds having an aromatic backbone structure such as 1,3- and.1.4-bis(p-epthiopropylthio)benzenes, 1,3- 
and 1,4-bis(p-epithiopropylthiomethyl)ben2enes, bis[4-(p-epithippropylthio)phenyI]methane, 2,2-bis[4-(p-epithio- 
propytthio)phenyqpropane, bis[4-(p-epithiopropytthio)ph^yl] sulfide, bis[4-(p-^ithiopropytthio)phenyl] sulfone and 
4,4'-bis(p-epithiopropylthio)biphenyl; and 

45 Conpourds ot>tained by replacing at least one hydrogen atom in the epithio group of the above conpounds with 
methyl group. 

[0013] Preferable examples of the organic compound having epithioalkytseleno group of compound (D) indude 
conpounds obtained by replacing one or mae epoxyalkylseleno groups (specifically, p-epoxypropytseleno groups) In 
so epoxy corrpounds derived from an epihalohydrin and selenium metal or a selenium compound such as an alkali metal 
selenide. an alkali n^etal selenol. an alkyi (aryO sefenol and hydrogen seienide with epithioalkylseleno groups. Specific 
examples of the atx>ve conpound include: 

Organic compounds having a chain aliphatic backbone structure such as bis(p-epithiopropyl) selenide. bis(p-epith- 
55 iopropyl) diselenide. bis(p-epithiopropyl) triselenide. bis(p-epithiopropylseleno)methane. 1.2-bis(p-epithiopropylse- 
leno)ethane. 1 .3-bis(p-epithibpropylseleno)propane, 1 ,2-bis(p-epithiopropylseleno)propane. 1 -(p- 
epithiopropylseleno)-2-(p-epithicpropylselenomethyl)propane, 1 .4-bis(p-epithiopropylseIeno)butane, 1 .3-bis(p-epi- 
thiopropylseleno)butane, 1 -(p-epithiopropylseleno)-3-(p-epithiopropylselenomethyl)butane. 1 ,5-bis(p-epithiopro- 
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pylseleno)pentane, 1 -(p-epithiopropyIseleno)4-(p-eprthiopropylse!enomethyl)pente 1 ,6-bis(p- 

epithiopropylseleno)hexane. 1 •(p-epithiopropyIseleno)-5-{p-epithioprop/lselenomethyl)hexane7" 1 -(P-epithioprch 
pyIseleno)-2-[(2-p-epithiopropylselenoethyi)thio]ethane, l-(p-epithk)pro|^seleno)-2-[[2-(2-p-epithiopropylseleno^ 
thyOselenoethylJthio]ethane. tetrake-(p-epithiopropylselenomethyl)methan€. 1,1.1 -tris(p- 

epithiopropylselenomethyl)propane, 1,5-bis(p-ept1hiopropylseleno)-2-(p-epithiopropylselenomethyl)-3-thiap^ 
tane, 1.5-bis(p-eprthiopropytseIeno)-2,4-bis(p-epithiopropylseIeTOmethyl)-3 1-(p-epithiopropyfse- 
leno)-2,2-bis(p-epithiopropylselenomethyl)-4-thiahexane. 1,5.6-tris(p-epithropropylseleno)-4-(p- 
epithiopropylselenomethyl)-3-thiahexane. 1,8-l»s(p-epithiopropyiseleno)-4-(p-epithiopropylselenome%l)-3.6Kji^ 
acxrtane, 1 ,8-bis(p-eprthiopropylselerK>)-4,5-bis(p-epithiopropyIselenomethyl)-3,6-^ 1 ,8-bis(p-epithio- 

propy!seleno)-4,443is(p-epithiopropylselenomethyl)-3,6-dithiaoctane, 1.8-bis(p-eprthiopropylseleno)-2.4,5-tris(p- 
epithiopropylselenomethyl)-3,6-ditNaoctane, 1 ,8-bis(p-epithiopropyIseleno)-2,54)i5(p-epithiopropytselenomethyl)- 
3.6Hdithiaoctane. 1,9-bis{p-eprthiopropylseleno)-5-(p-epithiopropylselenomethyO-5-[ 
thyl)selefX5meflhyl]-3,7-dithianonane, 1 J 0-bis(p-eprthiopropylseleno)-5,6-bis[(2-p-epithiopropylselenoethy^ 
3.6,9-trithiadecane. 1 J 1-bis(p-epithiopropylseleno)-4,8-b5(p-eprthiopropylseIenomethyO 
1 J 1-bis(p-eprthiopropylseleno)-5J-bis(p-epithiopropylselenomethyl)-3^ 1,11-bis{p-epithiopro- 
pylselerK>)-5 J-[(2-p-eprthiopropylselenoethyOselenomethyQ-3,6.^^ 1,11 -bis{p-eptthiopropyIse- 

leno)-4,74)is(p-epithic>propylseleix>methyl)-3.6,9-trithiaun^ tetra[2-(p- 
epithiopropylseleno)acetylmethyl]methane. 1,1,1 -tri[2-(p-epithiopropylseleno)cetylnnethyl]propane, tetra[2-p-epithi- 
opropylselenomethyl]acetylmethyljmethane, 1,1,1 •tri[2-{p-epithiopropylsel^omethyl)acetylmethyl]propane, 
bis(5.6-epilhio-3-selenoh©cyl) selenide, 2,3-bfe(6.7-thioepoxy-1-selena-4-selenoheptyO-1-(3,4-thioepQxy-1-sde^ 
nobutyl)propane. 1,1 ,3,3-tetrakis(4,5-thioepoxy-2-selenopentyl)-2-selenapropane, bis(4.5-tNoepoxy-2- 
selenopentyi)-3.6,9-triselenaundecane-1 J14)is(3,4-thioQ)Qxy-1-selenob^ 1.4-bis{3,4-thioepoxy-1-sele- 
nobutyl)-2.3-bis(6,7-thioepoxy-1-selena-4-seIenoheptyi)butane. tris(4.5-thioepoxy-2^elenopentyO-3-selena-6-thi- 
acx:tane-1 ,8-bis(3,4-thioepQxy-1 -selenobutyl). bis(5,6-epithio-3-seIeriohexyt) telluride, 2,3-bis(6,7-thioepoxy-1- 
tellura-4-selenoheptyl)-1 -{3,4-thioepQxy-1 -se!enobutyl)propane, 1 . 1 ,3,3-tetrakis(4,5-thioepoxy-2-selenopentyi)-2- 
tellurapropane, bis(4,5-thioepoxy-2-selenopentyl)-3.6,9-trit^luraundecane-1 ,1,1 -bis(3,4-thioepoxy-1 -selenobutyl), 
1.4-bis(3,4-thioepoxy-1-selenobutyO-2,3-bis(S.7-thtoepoxy-1-tenura-4-seleTO and tris(4.5-thioepoxy- 

2-selenopentyl)-3-tellura-6-thiaoctane-1 ,8-bis(3.4-thioepoxy-1 -selenobutyl): 

Compounds having an alicydic backbone stnjcture such as 1.3* and 1,4-bis(p'epithiopropylseleno)cyclohexanes. 

1.3- and 1,4-bis(p-epithiopropylselenomethyi)cyclohexanes, bis[4-(p-epithiopropylseleno)cyclohexyl]methane. 2.2- 
bis[4-(p-epithiopropylseleno)cyclohexyi]propane. bis[4-(p-epfthiopropyIse!eno)cyclohexyl] sdfide, 2,5-bis(p-epithi- 
opropylselenomethyl)-1,4-dithiane. 2.5-bis(p-epithiopropylselenoethylthiomelhyl)-1,4-dithiane; 2,3-. 2,5- and 2.6- 
bis(3,4-epfthio-1-selenobutyl)-1.4-diselenanes, 2,3-. 2,5- and 2,6-bis(4,5-epithio-2-selenopentyl)-1.4-dise!enanes, 

2.4- . 2.5- and 5.6-bis(3,4-epithio-1-selenobutyl)-1,3-diselenanes. 2.4-, 2,5- and 5,6-bis(4.5-epithk)-2- 
selenopentyl)-1,3-diselenanes. 2.3-. 2.5-. 2.6- and 3.5-bis{3,4-epithio-1 -selenobutyl)-! -thia-4-seIenanes. 2.3-. 2.5- 
. 2,6- and 3,5-bis{4,5-epithlo-2-seIenopentyl)-1-thia-4-selenanes, 2,4- and 4,5-bis(3,4-epithio-1 -selenobutyl)- 1,3- 
diselenolanes, 2,4- and 4,5-bis(4,5-epithio-2-selenopentyO-1»3-d»seleno!anes. 2,4-. 2.5- and 4,5-bis(3.4-epithio-1- 
selenobutyl)-1-thia-3-selenolanes, 2,4-. 2,5- and 4,5-bis(4,5^epithio-2-s^enopentyl)-1-thia-3-selenolanes. 2,6- 
b»s(4,5-epithio-2-se!enopentyI)-1 ,3,5-triselenane, bis(3,4-epithio-1 -selenobutyOtricydoselenaoctane. bis(3.4-ep!- 
thio-1-selenobutyl)dicycloselenanonane. 2.3-. 2.4-, 2.5 and 3.4-bis(3,4-epl1hio-1-selenobutyl)selenophanes. 2.3-. 
2,4-. 2,5- and 3,4-bis{4.5-epi1hjo-2-selenopentyl)selenophanes, 2-(4,5-thioepoxy-2-se!enopentyl)-5-(3,4-thloe- 
poxy-1 -selenobutyl)- 1-selenacyc!ohexane, 2,3-. 2.4-, 2.5-, 2.6-, 3,4-, 3,5- arxl 4,5-bis(3,4-thioepoxy-1 -selenobutyl)- 
1-selenacyclohexanes, 2.3-, 2,4-. 2.5-. 2.6-. 3.4-. 3.5- and 4,5-bis(4,5-thioepaxy-2-seIenopentyl)-1-selenacy- 
clohexanes. 2.3-, 2.5- and 2.6-bis(3.4-eprthio-1 -selenobutyl)- 1,4-ditelluranes, 2,3-, 2.5- and 2.6-bis(4,5-epithio-2- 
selenopentyl)-1,4-ditelIuranes. 2.4-. 2,5- and 5,6-bis(3.4-epithio-1-selenobutyO-1,3-ditelluranes, 2,4-, 2.5- and 5.6- 
bis(4.5-epithio-2-selenopentyl)-1,3-ditelluranes, 2.3-. 2,5-, 2,6- and 3, 5-bis(3.4-epithio-1 -selenobutyl)- 1-thia-4-tel- 
luranes, 2,3-, 2.5-, 2,6- and 3,5-bis(4,5-epithio-2-seIenopentylthia-4-telluranes. 2,4- and 4,5-bis(3,4-epithio-1 -sde- 
nobutyO-1.3-dHellurolanes. 2,4- and 4.5-bis(4.5-epithk>-2-selenopentyl)-1,3-diteIlurolanes. 2,4-, 2.5- and 4,5- 
bls(3.4-©pithio-1-6e!enobutyl)-1-thia-3-te!lurolanes, 2,4-, 2.5- and 4.5-bis(4.5-epithio-2-6elenopentyl)-1-thia-3-tellu- 
rdanes. 2.6-bis(4.5-epithlo-2-selenopentyl)-1 ,3,5-tritellurane, bis(3.4-epHhio-1-selenobutyl)tricyclotelluraoctane. 
bis(3.4-€pithio-1-selenobutyl)dicydotelluranonane. 2,3-, 2,4-. 2,5- and 3,4-bts(3,4-epithio-1-selenobutyl)td- 
lurophanes. 2.3-. 2,4-. 2.5- and 3,4-bis(4.5-epithio-2-selenopentyl)telIurophanes, 2-(4,5-thbepoxy-2-selenopentyl)- 
5-(3,4-thioepoxy-1-selenobutyl)-1-telluracydohexane. 2,3-, 2,4-, 2,5-. 2,6-. 3.4-. 3,S and 4.5-bis(3.4-thioepoxy-1- 
selenobutyl)-1-telluracydohexanes and 2.3-. 2,4-. 2,5-, 2,6-, 3.4-. 3.5- and 4.5-bis(4,5-thioepo)(y-2-selenopentyl)- 
1 -teOuracydohexanes; 

Compounds having an aromatic backbone slrudure such as 1 ,3- and 1 ,4-bis(p-epithiopropylseleno)benzenes. 1 .3- 
and 1,4-bis{p-epithiopropy!selenomethyl)benzenes. bis[4-(p-epithiopropylse!eno)phenyl]methane. 2,2-bis[4-(p-epi- 
thiopropylseleno)phenyI]propane, bis[4-(p-epithiopropylseleno)pheny!] sulfide. bis[4-(p-epithiopropylseleno)phe- 
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nyO sulfone and 4.4'-bis(p^epithiopropylseleno)biphenyl; and - - 

Ck5rTpounds obtained by replacing at least one hydrogen atom in the p-epithiopropyl group of the above com- 
pounds with methyl group. 

5 [0014] Preferable examples of the organic compound having epithioalkyitelluro group of conpound (E) include 
compounds obtained by replacing one or more epoxyalkyltelluro groups (specifically, p-epoxypropyltelluro groups) in 
epoxy conrpounds derived from an epihalohydrin and tellurium metal or a tellurium compound such as an alkali metal 
telluride, an alkali metal tellurol. an alkyi (aryl) tellurol and hydrogen teliuride with epithioalkyitelluro groups. Specific 
examples of the above organic compound include: 

w 

Organic compounds having a chain aliphatic backbone structure such as bis(p-epithiopropyl) teliuride. bis(P-eprth- 
iopropyl) ditelluride. bis(p-epithiopropyl) tritelluride. bis(p-epithiopropyttelluro)methane. 1.2-bis(p-epithiopropyltel- 
luro)ethane, 1 ,3-bis(p-epithiopropyltelIuro)propane, 1 ,2-bis(p-epithiopropyltelluro)propane, 1 -(p- 
epithiopropyltelluro)-2-(p-epithiopropyltelluromethyl)propane, 1 ,4-bis(p-epithk)propyftelluro)butane, 1 .3-bis(p-epith- 

15 iopropyltelluro)butane. 1 -(Prepithiopropyltelluro)-3-(p-epithippropyItelluromethyl)butane, 1 .5-tHS(p-^ithropropyltel- 
luro)pentane, 1 -(p-epithiopropyftelluro)-4-(p-epithiopropylteiIuromethyl)pentane, 1 ,6-bis(p- 

epithiopropyItelIuro)hexane, 1-(p-epithiopropyltelluro)-5-(p-epithiopropyltelluromethyl)hexane. 1 -(p-epithiopro- 
pyltelluro)-2-[{2-p-epithiopropytte!luroethyl)thio]ethane, 1-(p-epithiopropyllelluro)-2-[[2-{2-p-epithiopropylteIIuroe- 
thyi)telluroethyl]thio]ethane, tetrakis-(p-epithiopropyltelluromethyl)methane. 1,1,1 -tris(p- 

20 epithiopropyltelluromethyl)propane. 1 .5-bis(p-^ithiopropyftenuro)-2-(p-epithiopropylteIluromethyl)-3-thiapentane, 
1 ,5-bis{p-epithiopropylt©Iluro)-2,4-bis(p-epithiopropyttelluromethyl)-3-thiaperrt 1 -(p-epithiopropyltelluro)-2.2- 
tHs(p-epithiopropyttelluromethyl)-4-thiahexane, 1,5,6-tris(p-epithiopropyltelIuro)-4-(p-epithiopropylte!Iuromethyl)-3- 
thiahexane, 1,8-bis(p-epithiopropyttelluro)-4-(p-epitNopropyltelluromethyl)-3,6<iithiaoctane. 1 ,8-bis(p-epithiopr6- 
pylteliuro)-4.5-bis(p-epithiopropyltelIuromethyl)-3,6-dithiaoctane, 1,8-bis(p-epithiopropyttelluro)-4.4-bis(p-epithio- 

25 propyHelluromettTyl)-3.6-dithiaoctane, 1.8-bis(p-epithiopropylteIluro)-2,4,5-tris(p-epithiopropylteIluromethyl)-3,6- 
dithiaoctane, 1 ,84Dis(p-epithiopropyftelluro)-2.5-b*s(p-epithiopropyltelluromethyl)-3,6KJith 1 .9-bis(p-epithi- 

opropyltelluro)-5-(p-epithiopropyltelluromethyO-5-[(2-p-epithiopropyltelluroe^^ 

1 , 1 0-bis(p-epithiopropylteliuro)-5.645is[(2-p-epithiopropylteliuroethyl)thio]-3.6,9-fr^^ 1.11 -bis{p-epithio- 

propylteIluro)-4,8-bis(p-epithiopropyltelluromethyl)-3,6.9-lrithiaundecane. 1 .11-bis(p-epithiopropyltelluro)-5,7- 

30 bis(p-epithiopropyttelluromethyl)-3,6.9-trithiaundecane. 1,11 -bis(p-epithiopropyItelluro)-5.7-[(2-p-epithiopropyltel- 
luroethyl)selenomethyO-3,6,9-trithiaundecane. 1.11 -bis(p-epithiopropylteIluro)-4.7-bis(p-epithiopropyltellurome- 
thyl)-3.6,9-trithiaundecane. tetra[2-(p-eprthiopropyltelIuro)acetytmethyl]methane. 1,1.1 -tri[2-(p- 

epithiopropytteiluro)acetylmethyl]propane. tetra[2-p-iBpithiopropyltelluromethyqacetylmethyl]methane. 1,1,1-tri[2- 
(P-epithiopropyltelluromethyl)acetylmethyOpropane, l)is{5,6-epithio-3-teIlurohexyl) selenide, 2,3-bis(6.7-thioepoxy- 

35 1 -selena-4-teiluroheptyl)- 1 -(3.4-thioepoxy-1 -tellurobutyl)propane, 1 , 1 .3.3-tetrakis(4.5-thioepoxy-2-telluropentyl)-2- 
selenapropane, bis(4.5-thioepoxy-2-telluropenlyl)-3,6,9-triselenaundecane-1 ,1 1 -bi^3,4-thioepaxy-1 -tellurobutyl). 
1.4-bis(3,4-thioepoxy-1-tellurobutyI)-2,34)is{6,7-thioepoxy-1-selena-4-telluroheptyl)^ tris(4.5-thioepoxy-2- 
telluropentyl)-3-selena-6-thiaoctane-1 ,8-bis(3,4-thioepoxy-1-teIlurobutyl). bis(5,6-epithto-3-tellurohexyl) teliuride. 
2,3-bis(6.7-thioepoxy-1 -tellura-4-telluroheptyl)-1 -(3,4-thioepoxy-1 -tellurobutyl)propane, 1.1 ,3.3-tetrakis(4.5-thioe- 

40 poxy-2-telIuropentyf)-2-tellurapropane. bis(4,5-thioepoxy-2-tel!uropentyl)-3.6.9-tritelluraurxlecane-1 ,1.1 -bis(3.4- 
thioepoxy-l -tellurobutyl). 1 ,4-brs(3,4-thioepoxy-l -tellurot)utyl)-2,3-bis(6,7-thioepoxy-1 -teiiura-4-te!lurohep- 

tyl)butane and tris(4,5-thioepoxy-2-telluropentyl)-3-tenura-6-thiaoctane-1 ,8-bis(3,4-thioepoxy-l -tellurolixjtyl); 
Compounds having an alicyclic backbone structure such as 1.3- and 1,4-fc^s(p-epithiopropyltelluro)cydohexanes, 

1.3- and 1,4-t»s(p-epithiopropyltelluronr>ethy()cyclohexanes, bis[4-(p-epilhiopropyttelluro)cyctohexyflmelhane, 2.2- 
45 bis[4-(p-epithiopropyltelluro)cyctohexyl]propane, bis[4-(p'epthiopropylte!luro)cyck)hexyl] sulfide, 2,5-bis(p-epithio- 

propyltelluromethyl)-1,4<fithiane, 2.5-bis(p-epithiopropyltelluroethylthiomethyl)-1,4-dithiane; 2,3-. 2.5- and 2,6- 
bis(3.4-epithio-1-tenurobutyl)-l,4-diselenanes, 2.3-, 2.5- and 2.6-bis(4,5-epithio-2-telluropentyl)-1,4-diselenanes, 

2.4- . 2,5- and 5.6-bfS(3.4-^ilhk>-1 -tellurobutyl)- 1,3-diselenanes, 2,4-, 2,5- and 5,6-bis(4,5-epithio-2-tel!uropentyl)- 

1.3- di8elenanes, 2,3-. 2.5-. 2,6- and 3. 5-bis(3.4-epithio-1 -tellurobutyl)- 1-thia-4-seIenanes. 2.3-. 2,5-. 2.6- and 3,5- 
so bis(4.5-eprthio-2-teIIuropentyI)-1-thia-4-selenanes, 2,4- and 4,5-bis(3.4-^hio-1 -tellurobutyl)- 1.3-diselenolanes. 

2.4- and 4,5-bis(4,5-epithio-2-teIluropentyO-1.3-diselenolanes. 2.4-, 2,5-and 4,5-bis(3.4-epithlo-1-tdlurobutyl)-1- 
tNa-3-selenolanes. 2.4-. 2.5- and 4,5-bis(4,5-eprthio-2-telluropentyI)-1-thia-3-selenolanes. 2.6-bis(4,5-epithio-2- 
telluropentyl-1 .3,5-triseIenane, bis(3.4-epithio-1 -tellurobutyl)tricycloselenaoctane, bis(3,4-epithio-l -tel- 
lurobutyl)dicycIoselenanohane. 2.3-. 2.4-. 2,5 and 3.4-bis(3.4-epithio-l-telIurdxrtyl)selenophanes. 2.3-. 2.4-. 2.5- 

55 and 3,4-bis(4,5-eprthio-2-telluropentyl)selenophanes, 2-(4.5-thioepaxy-2-teIluropentyl)-5-3.4-thioepoxy-1-tel- 
lurobutyl)-l-selenacyclohexane, 2.3-. 2,4-, 2.5-, 2,6-. 3.4-, 3,5- and 4.5-bis{3,4-thioepoxy-1-tellurobutyl)-1-selena- 
cydohexanes, 2.3-, 2,4-, 2,5-, 2,6-. 3.4-. 3,5- and 4,5-bis(4,5-thioepoxy-2-telluropentyl)-1-selenacydohexanes, 
2,3-. 2,5- and 2.6-bis(3,4-epithio-1-tellurobutyl)-1,4-ditelluranes. 2.3-, 2.5- and 2,6-bis(4.5-epithio-2-telluropentyl)- 
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1.4- ditelluranes, 2,4-, 2.5- arxJ 5.6-bis(3.4-epithb-1-te!lurobutyl)-1,3Hdrtel!uranes^ 2;4-. 2,5- and 5Jrbis(4,5-epithio- 

2- tenuropentyl)-1,3-ditelIuranes, 2.3-, 2,5-, 2.6- and 3.5-bis(3.4-epithio-1-tellurobutyO-1-thia-4-teIIOranes. 2,3-. 2.5- 
, 2,6- and 3,5-bis(4,5-epithio-2-teIluropentyl)-1-thia-4-telluranes. 2.4- and 4,5-bis(3,4-epithio-1-teilurdtxJtyl)-1.3- 
ditellurolanes, 2.4- and 4,5-bis(4.5-epithio-2-telluropentyl)-1,3-ditellurolanes, 2.4-, 2.5- and 4.5-bis(3.4-epithio-1- 
tellurobirty!)-1-thia-3-tel!urolanes. 2.4-, 2,5- and 4,5-tHS(4.5-epithio-2-telluropentyI)-l-thia-3-tellurolanes. 2.6- 
bis(4,5-€pithio-2-telluropentyl)-1 .3.5-tritellurane, bis(3.4-epithio-1 -tellurobutyl)tricyclotelluraoctane. bis(3.4-epithio- 
1-te«urobutyl)dicyciotelIuranonane, 2,3-, 2.4-, 2,5- and 3,4-bis(3,4-epithio-1-tenurobutyI)te!lurophanes, 2.3-. 2,4-, 

2.5- and 3.4-bis(4,5-epithio-2-teIluropentyl)tellirophanes. 2-(4,5-thioepoxy-2-te!luropentyQ-5-(3.4-thioepoxy-l-te!- 
lurobiJtyl)-1 -telluracydohexane. 2.3-, 2.4-, 2,5-. 2.6-, 3,4-. 3,5- and 4,5^5is(3,4-thioepoxy-1 -tellurobuty!)-1 -telluracy- 
clohexanes and 2.3-, 2.4-. 2.5-. 2,6-, 3.4-. 3.5- and 4.5-bis(4.5-thioepoxy-2-telluropentyl)-1-telluracyclohexanes; 
Compounds having an aromatic backbone structure such as 1 .3- and 1 ,4-bisO-epithioprcw*telluro)benzenes. 1 .3- 
and 1.4-bis(p-epithiopropylteIluromethyl)ben2enes. bis[4-(p-epithiopropylteOuro)phenyl]methane. 2.2-bls[4-(p-epi- 
thiopropyltelluro)ph^yl]propane. bis[4-(p-epithiopropyltelluro)phenyl] sulfide. bisl4-<p-eplthiopropyttelluro)p^)enyl] 
suHone and 4,4*-bis(p-epithiopropyttelluro)biphenyl; and 

Compounds obtained by replacing at least one hydrogen atom in the p-epithiopropyl group of the atwe com- 
pounds with methyl group. 

[001 5] Further examples of conpounds (A) to (E) include organic compounds having unsaturated groups. Specific 
examples of such corrqx)unds include vinylphenyl thioglycidyi ether, vinylbenzyl thioglycidyl ether, thioglycidyl methacr- 
ylate. thioglycidyl acrylate and ailyi thioglycidyl ether 

[001 6] Further examples of the compounds having epithio group include conpounds such as ethylene sulf ide, pro- 
pylene sulfide and thioglycidol; thioglycidyl esters of monocarboxylic adds such as acetic add. propionic acid and ben- 
zoic acid; and thioglycidyl ethers such as methyl thioglycidyl ether, ethyl thioglyddyl ether, propyl thioglycidyl ether and 
butyl thioglycidyl ether 

[001 7] Among the above compounds, the organic conpounds having epithioalkyloxy groups of compound (B). the 
organic conrpounds having epithioalkylthio groups of conpound (C), the organic compounds having epithioalkyiseleno 
groups of conpound (D) and the organic conpounds having epithioalkyltelluro groups of conpound (E) are preferable 
for optical materials. The conpomds having epithioalkylthio groups of conpound (C) and the compounds having epi- 
thioalkyiseleno groups of conpound (D) are more preferable. Exanples of still more preferable conpounds indude 
chain conpounds, branched compounds, alicyclic conpounds and aromatic conpounds having p-epithioalkylthfo 
groups or p-epithioseleno groups which are described above as the examples. Among these conpounds, bis(p-epithi- 
opropyl) sulfide is most preferable. 

[001 8] In the present invention, phenol derivatives are the conpounds which exhibit ttne excellent effects of inprov- 
ing oxidation resistance and light resistance by addition in advance to the conpound having one or more epithio struc- 
tures represented by formula (i) in one molecule or the conposition comprising 10% by weight or more of this 
conpound when the compound or the conrposition is cured by polymerization to prepare a resin having a large refrac- 
tive index. When compounds which are generally used as effective antioxklants for resins but are not phenol deriva- 
tives, for exanple. phosphite compounds such as trinonyl phosphite, sulfur conpounds such as dialkyi 
thiodipropionates and amine compounds such as alkylated dphenylamines are a<fcted. the excellent effect of improving 
oxidation resistance and light resistance of the resin having a large refractive index as the object of the present inven- 
tion is not exhibited. Anrrong phenol derivatives, conpounds having a molecular weight greater than 1 .000 exhibit a poor 
effect of improving oxidation resistance and light resistartce. 

[001 9] A nxjnohydric phenol or a pdyhydric phenol can be used as the phenol derivative in the present invention. 

Exanples of the monohydric phend include phenol; phenols substituted with alkyi groups such as 2-ethylphend, 
4-ethyIphenol. 4-propylphend. 4-butylphenol, 4-(1.1.3,3-telramethyft)utyl)phenol, 4-nonyiphenol. 2.4-di-t-butylphe- 
nol, 2,6<Ji-t-l^(phend, 2-t-butyl-4-methylphend, 2-t-butyl-4.6<limethylphenol. 2.6-di-t-butyl-4-methylphenol. 2,6- 
di-t-butyl-4-ethyiphaiol. 2-ethy!phenol. 4-ethylphenol, 4-propylphenol. 4-buty^herK)l. 4-(1.1.3.3-tetramethyl- 
butyOphenol. 4-nonylphenol. 2,4-di-t-bulylphenol, 2,6^i-t-butylphenol. 2-t-butyl-4-methylphenol, 2-t-bulyl-4,6- 
dimethylphenol. 2.6-di-t-butyl-4-n>ethylphenol. 2.6<Ji-t-butyl-4-ethylphenol. 4-propylphenol. 2-methoxyphenol, 4- 
methoxyphenol, 2.4-dimethoxyphenol, 2,6-dimethQxyFrfienol. 2,4.6-trimelhoxyphenol. 2-t-butyl-4-methoxyphenol. 

3- t-butyl-4-methoxyphen6l, 2-cresol and 3-cresd. 4-CTesol; 

Phenols substituted with a halogen such as 2-fluorophenol. 4-fluorophenol, 2-chlorophenol. 4-chlorophenol. 2.4- 
dichlorophenol. 2.6-dicNorophenol. 2.4.6-trichlorophenol, 2-bromophenol, 4-bromophenol. 2,4-dibronrK)phenol, 

2.6- dibromophenol. 2.4.6-tribromcphenol. 2-iodophenol and 4-iodophenol; and 

Other phenols such as salicylic acid, methyl salicylate, ethyl salicylate, propyl salicylate, butyl salicylate, octyl sali- 
cylate, phenyl salicylate, benzyl salicylate, dimethylsalicylic acid, di-t-butylsalicylic add. saficylosalicylic add, saB- 
cylamide, sodium salicylate. 5-sulfosalicylic acid. 4-hydroxy-3-methylbenzenesulfonic add, 4-hydrDxybenzoic add. 
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methyl 4-hydroxybenzoate, ethyl 4-hydroxyben2oate, propyl 4-hydroxybenzoate, butyl 4-hy^xybenzoate, phenyl 
4-hydroxybenzoate. benzyl 4-hydrQxybenzoate, 2,4-clihydroxybenzophenone, 2-hydro)^-methoxybenzophe- 
none. 2-hydroxy-4-ethoxybenzophenone. 2-hydroxy-4-octoxybenzophenone, hydroxyphenyiacetic acid, hydroxy- 
phenylpropionic acid, hydroxyphenylacetamide, methyl hydroxyphenylacetate, hydroxyphenetyl alcohol, 
5 hydroxyphenetylanilne, acetannjnophenone. aminophenol. cyanophenol, nitrophenol, nitrosophenol, 2-mercap- 
tophenol, 4-mercaptophenol, 2,4-dimercaptophenol, 2,6-dimercaptophenol, 2,4,6'trimercaptophenol, hydroxy- 
phenetylamine, hydroxybenzaldehyde, 2-phenylphenoI, 3-phenytphenol. 4-phenyiphenol. 2-t-butyl-6-(3'-t-butylry- 
methyl-2'-hydroxybenzyI)-4-methylphenyl aaylate and 2,4-bis(n-octyIthio)-6-(4-hydrcxy-3.5-di-t-bLrtylanilino)-1,3.5- 
triazine. 

10 

[0020] Examples of the pclyhydric phenol include catechol. 5ut>stituted catechols such as catechol-4-carbaxyfic 
acid, 4-methylcatechol. 4-ethylcatechoI, 4-t-butylcatechol, 4-(l,1,3,3-tetramethylbutyl)catechol, 3-methoxycatechol, 4- 
methaxycatechol, 3.5-dimethoxycatechol and 3.6-dimethoxycatechol, resorcinol, hydroquinone, phlorogludnol, pyro- 
galloi, methylhydroquinone, 2-t-butylhydroquinone, 2,5-di-t-butylhydrocjuinone, 2,6-di-t-butylhydroquinone, 2,5-di-t- 

15 amylhydroquinone, 2,5-di(1,1,3,3-tetramethylbutyl)hydroquinone, 2,2'-biphenol. 4,4*-biphenol. bisphenol-A, bisphenoh 
F, bisphenol'S, b!s(3.5-dimethyl-4-hydroxyphenyI)sulfone, bis(4-hydroxyphenyl) sulfide. bis(3,5-dimethyl-4-hydroxyphe- 
nyl) sulfide, 1-naphthol, 2-naphthol, dihydroxynaphthalenes, octadecyl-3-{3,5-di-t-bulyl-4-hrydroxypheny!) propionate, 
2,2*-methylenebis(4-methyl-6-t-butylphenol), 2,2'-methylenebis(4-ethyl-6-t-butylphenoi). 2.2*-methy!enebis(2.6-di-t- 
butylphenol), 4.4*-butylidenebis(3-methyl-6-t-butyfphenol), 4.4*-thiobis{3-methy!-6-t-butylphenol), 1,1,3-tris(2-methyl-4- 

20 hydroxy-5-t-butylphenol)butane and 1 ,3,5-trimethyl-2,4,6-lris(3,5-di-t-butyl-4-hydroxybenzyl)benzene. A single type or 
a mixture of two or more types of the above phenol derivatives may be used. 

[0021] The molecular weight of the phenol derivative used in the present invention is preferably 1 .000 or smaller. 

more preferably 500 or smaller, still more preferably 300 or smaller and most preferably 200 or smaller. 

[0022] The amount of the phenol derivative is 0.001 to 3.0 parts by weight and preferably 0.002 to 2.0 parts by 

25 weight per 100 parts by weight of the episutfide compound having one or more epithio structures represented by for- 
mula (1) in one molecule or the composition conprising 10% by weight or more of the episulfide compound. 
[0023] Examples of the curing catalyst used for producing an optical material in accordance with the process of the 
present invention include anranes. phosphines, quatwnary ammonium salts, quaternary phosphonium salts, tertiary 
suKonium salts, secondary lodonium salts, mineral adds, Lewis acids, organic acids, silicic acids and tetrafluoroboric 

30 acid. Specif tc examples of the curing catalysts are as follows: 

(1) Primary monoamines such as ethylamine. n-propylamine, sec-propylannine, n-tnjtylamine. sec-butylamine, tso- 
butylamine, tert-butylamine, pentylamine, hexylamine, heptylamine, octylamine. decylamine, laurylamine, myri- 
stylamine. 1,2^imethylhexylamine, 3-pentylamine, 2-ethylhexylamine, allylamine, aminoethanol, 1- 

35 aminopropanol. 2-aminopropanol, aminobutanol, anrtinopentanol, aminohexanol. 3-ethoxypropylamine, 3-propoxy- 
propylamine, 3-isopropaxypropylamine, 3-butoxypropylamine, 3-isobutQxypropylamine. 3-(2-ethylhexyiaxy)pro- 
pylamine, aminocyclopentane, aminocyclohexane. aminonortwrnene, aminomethylcyclohexane, aminobenzene, 
benzylamine. phenetylamine, a-phenylethylamine, naphthylamine and furfurylamine; primary polyamines such as 
ethylenedian^ne, 1,2<liaminopropane. 1,3-diaminopropane, 1,2-dlaminobutane. 1.3-diaminobutane, 1,4<liami- 

40 nobutane, 1,5-diaminopentane, 1.6-diarninohexane, 1.7-diaminoheptane, I.Miaminooctane, dimethylaminopro- 
pylamine, diethylaminopropylamine, bis-(3-aminopropyl) ether, 1.2-bis-(3-aminopropoxy)ethane. 1,3-bis-{3- 
aminopropoxy)-2,2'-dimethylpropane. aminoethylethanolamine, 1,2-. 1,3- and 1.4-bisaminocydohexanes, 1,3-and 

1.4- bisaminomethylcydohexanes, 1,3- and 1.4-bisaminoethylcydohexanes. 1,3- and 1 ,4-blsaminopropylcyclohex- 
anes. hydrogenated 4,4*-diamiriodiphenylmethane. 2- and 4-amino|Mperidines, 2- areJ 4-aminomethylpiperidnes, 

45 2- and 4-aminoethylpiperidines, N-aminoethylpiperidine. N-aminopropylpiperidine. N-aminoethylmorphorme. N- 
aminopropylnx>rpholine, isophoronediamine, menthanedianrdne, 1.4-bisaminopropytpiperadine. o-. m- and p-phe- 
nylenediamines. 2,4- and 2.6-tolylenediamines, 2,4-toIuenediamine, nrvaminobenzylarrine, 4-chloro-o-phenylene- 
diamine, tetrachloro-p-xylylenediamine, 4-methoxy-6-methyl-m-phenylenediamine, nv and p-xylylenediamines. 

1.5- and 2.6-naphthalenediamines, benzidne, 4.4*-bis(o-toluidine). dianisidine, 4,4*-diamirK)diphenytm6thane, 2.2- 
50 (4.4*-<liaminodiphenyi)propane, 4,4'-diaminodiphenyl ether, 4,4'-thiodianiline, 4,4*-cfiaminodiphenyl sulfone, 4,4'- 

diaminoditolyl sulfone. methylenebis(o-chloroaniline). 3.9-bis(3-aminopropy!)-2,4,8.10-tetraQxaspiro[5,5Junde- 
cane. diethylenetriamine, inrinobispropylamine, methyliminobispropylamine, bis(hexamethylene)triamine, triethyl- 
enetetramine. tetraethylenepentamine, pentaethylenehexamine, N-aminoethytpiperadine, N- 
aminopropylpiperadine, 1.4-bis(aminoethylpiperadine). 1 .4-bis(aminopropylpiperadine). 2.6-diaminopyridne and 
55 bis(3.4-diaminoph^0 suHbne; secondary monoamines such as diethylamine. dipropylamine. di-n-butylamine, di- 
sec-butylamine, diisobutylamine, di-n-pentylamine, di-3-penlylamine, dihexytamine, dioctylamine, di(2-ethyl- 
hexyl)amine, methylhexylamine, diallylamine, pyrrolidine, piperidine, 2-, 3- and 4-picolines, 2,4-, 2,6- and 3,5-lupe- 
tidines, diphenylamine, N-methylaniline, N-ethylaniline. dibenzylamine. methylbenzylamine, dinaphthylamine, 
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pyrrd, indoline, indole and morpholine; secondary polyamines such as N.W'-dimethylethylenedJ^ine, N.N'-dime- 
thyl-1.2-diaminopropane, N,N'-dimethyl-1.3-diaminopropane. N,N'-dimethyl-1.2-diaminobutane, N;N'Kjimethyl-1.3- 
diaminobutane, N,N'-dimethyl-1,4-diaminobutane. N,N'-dimethyI-1,5-diaminopentane, N,N'-dimethyl-1,6-diamino- 
hexane, N,N'-dimethyl-1,7-diaminoheptane, N.N*-diethylethylenediamine, N, N'-di ethyl -1,2-diaminopropane, N.N'- 
diethyl-1,3<Jiaminopropane, N.N*-diethyl-1.2-diaminobutane, N.N*<iiethyl-1,3-diaminobutane, N,N'-diethyl-1,4- 
diaminobutane. N,N'-diethy!-1,6-diaminohexane. piperadine. 2-methyipiperadine, 2,5- and 2,6-dimethylpiper- 
adines, homopiperadine. 1 J^i(4iDiperidyl)methane. 1.2<li(4f»iperidyl)ethane. 1 ,3<Ji(4-piperidyI)propane. 1.4- 
di(4-piperidyl)butane and tetramethylguanidine; teliary amines such as trimethylamine. triethylamine, tri-nijro- 
pylamine, triisopropylamine. tri-1.2-dimethylpropylanine. tri-3-methoxypropylamine, tri-n-butylamine. tri- 
isobutylamine. tri-sec-butylamine, tri-n-pentylamine, tri-3-pentylannine, tri-n-hexylamine, tri-n-octylamine, tri-2- 
ethylhexylamine, tridodecylamine, triiaurylamine, dicyclohexylethylamine. cyclohexyldiethylamine. tricydohexy- 
lamine. N.Nndimethyihexylamine, N-methyldihexylamine, N,N-dimethyicyc!ohexylamine. N-methyWicydohexy- 
lamine. N.N^Jiethylethanolamine, N.N-dimethylethanolamine. N-ethyidiethanolamine, triethanolamine. 
tribenzylamine. N»N-dimethylbenzylamine, diethylbenzylamine. triphenylanriine, N,N-dimethyiamino-p-cresol» N,N- 
dimethylaminomethylphenol, 2-(N,N-dimethylaminonriethyl)phenol. N.N-dimethyianiline, N,N-diethylaniline, pyrid- 
ine, quinoline, N-nnethylmorpholine. N-methylpiperidine and 2-(2-dimethylaminoethoxy)-4-methyl-1.3,2-dioxaborn- 
ane; tertiary polyamines such as tetramethylethylenediamine. pyrazine, N,N*-dimethylpiperadine. N,N'-bi6((2- 
hydroxy)propyl)pperadine. hexamethylenetetramine, N,N,N'.N'-tetramethy!-1.3-butaneamine, 2-dimethylamino-2- 
hydroxypropane, diethyaminoethand. N,N.N-tris(3-dimethyiaminopropyl)amine. 2,4.6-tris(N.N.N-dimethylami- 
nomethyl)phenol and heptamethylisobiguanide; imidazoles such as imidazole, N-methylimidazoie, 2-methyIimida- 
zole, 4-methylimidazole, N-ethylimidazole. 2-elhylimidazole, 4-ethylinwjazole, N-butylimidazole, 2-butylinrMdazole. 
N-undecyllmidazola 2-undecylimidazole, N-f^enylimidazole. 2-phenyiimidazole, N-benzylimidazole. 2-benzylimi- 
dazole. l-benzyl-2-methyBmidazole. N-{2'-cyanoethyl)-2-methyIimidazole. N-(2-cycanoethyl)-2-undecylimida2oIe. 
N-(2'-cyanoethyl)-2iDhenyiimidazole. 3.3-bis-(2-ethyl-4-methylimidazolyl)methane. addition products of alkylimida- 
zoles arej isocyanuric acid and condensation products of alkylimidazoles and formaldehyde; and amidines such as 
1 ,8-diazabicyclo-(5.4,0)undecene-7,1 .5-diazabicydo{4,3,0)nonBne-5,6-dibutylamino-1 ,8-diazabicy- 
clo{5,4.0)undecene-7. 

(2) Salts of the aniines descrbed above in (1) with borane or boron triflumde. 

(3) Phosphines sudi as trimethyiphosphine, triethylphosphine, triisopropyftphosphine. tri-n-buty!phosphine. tri-n- 
hexylphosphine, tri-n-octylphosphine. tricyclohexylphosphine,triphenyIphosphine, tribenzylphosphine, tris(2-meth- 
ylphenyl)phosphine. tris(3-methyl|;^enyl)phosphine. tris(4-methylphenyI)phosphine, tris-(diethylamino)phosphine, 
tris{4-methyIphenyl)phosphine. dimethylpheny^jhosphine. diethylphenylphosphine, dicydohexyolphenylphos- 
phine, ethyfdiphenylphosphine, diphenylcyclohexylphosphine and chlorodiphenylphosphine; 

(4) Quaternary ammonium salts such as tetramethylammonium chloride, tetramethylammonium bromide, tetrame- 
thylammonium acetate, tetraethylammonium chloride, tetraethylamnrronium bromide, tetraethylanmnonium acetate, 
tetra-n-butylammonium fluoride, telra-n-butylammonium chloride, tetra-rvlxjtylammonium bromide, tetra-n-buty- 
lammonium iodide, tetra-n-butylamnr»onium acetate, tetra-n-butylammonium borohydride, tetra-n-butylammonium 
hexafluorophosphite, tetra-n-butylammonium hydrogensulfite. tetra-n-butylammonium tetrafluaoborate. tetra-n- 
butylammonium tetraphenylborate. tetra-n-butylammonium para-tduenesulfonate, tetra-n-hexylanunonium chlo- 
ride, tetra-n-hexylammonium bromide, t^-n-hexylamnnonium acetate, tetra-n-octyfammonium chloride, tetra-n- 
octytammonium bromide, tetra-n-octylamnx)nium acetate, trimethyl-n-octylammonium chloride, trimethylbenzy- 
lammonium chloride, trimethyIbenzylamnrK»nium bromide, triethyl-n-octylammonium chloride, triethylbenzylammo- 
nium chloride, triethylbenzylammonium bromide, tri-n-l)utyl-n<x;lylammonium chloride. tri-n- 
butylbenzylamnrxKiium fluoride. tri-n-butylbenzylamnx)nium chloride, tri-n-butylbenzylammonium bromide, tri-n- 
butylbenzylamnnonium iodide, methyltriphenylammonium chloride, methyltriphenylanrvnonium bromide, ethyltriphe- 
nylammonium chloride, ethyltriphenylammonium bromide, n-butyltriphenylammonium chloride, n-butyltriphenylam- 
nnonium bromide. 1 -menthylpyricfinium bromide, 1-ethylpyridinium bromide, 1 -n-butyipyridiniun bromide, 1-n- 
hexylpyridinium bromide, 1 -n-octylpyridinium bromide, 1 -n-dodecylpyridinium bromide. 1-n-phenyIpyridinium bro- 
mide, 1-methyipicoiinium bromide, 1 -ethylpicolinium bromide, 1-n-butylpicolinium bromide. 1-n-hexylpicolinium 
bromide. 1-n-octylpicolinium bromide, l-rhdodecylpicolinium bromide and 1-phenylpicolinium bromide. 

(5) Quaternary phosplwnium salts such as tetramethylphosphonium chloride, tetramethylphosphortium bromide, 
tetraethylphosphonium chloride, tetra^hylphosphonium bromide, tetra-n-butylphosphonium chloride, tetra-n-butyl- 
phosphonium bronride. tetra-n-butylphosphonium iodide, tetra-n-hexylphosphonium bromide, tetra-n-octylphos- 
phonium bromide. methyltr'phenylphosphortium bromide. methyttriphenylphosphonium iodide, 
ettiyttriphenylphosphonium bromide, ethyltriphenylphosphonium iodide, n-butyltriphenylphosphonium bromide, n- 
butyltriphenylphosphonium iodide, n-hexyltriphenylphosphonium bromide, n-octyltriphenylphosphonium bromide, 
tetraphenyiphosphonium bromide, tetrakish/droxymethylphosphonium chloride, tetrakishydroxymethylphospho- 
nium bromide, tetrakishydroxyethylphosphonium chloride and tetrakishydroxybutylphosphonium chloride. 



10 



EP 1 (M)6 374 A2 



(6) Tertiary sulfonium safts such as trimethylsuHonium bromide, triethylsulfonium bromide, ti-g4>utylsullbnium chlo- 
ride, tri-n-butylsuHonium bromide, tri-n-butyisulfonium iodide, tri-n-butylsulfonium tetrafluoroborate, tri-n-hexylsulfo- 
nium bromide, tri-rvoctylsulfonium bromkie. triphenyisuHonium chloride. triphenylsuHonium bromide arKJ 
triphenylsulfonium iodide. 

(7) Secondary iodonium salts such as diphenyliodonium chloride, diphenyliodonium bromide and diphmyliodo- 
nium iodide. 

(8) Mineral acids such as hydrochloric add, sulfuric add, nitric acid, phosphoric add and carbonic acid. Half-esters 
of these mineral acids can also be used. 

(9) Lewis acids such as boron trif luoride and boron trifluoride etherates. 

(10) Organic acids and half-esters of organic acids. 

(1 1 ) Silicic acids and tetraf luoroboric acid. 

[0024] To enhance the effect of improving light resistance and oxidation resistance exhibited by the phenol deriva- 
tive used in the present invention and also to improve transparency and color tone, the quaternary ammonium salts, the 
quaternary sulfonium salts, the tertiary sulfonium salts and the secondary iodonium salts are preferable among these 
compounds. The quaternary phosphonium salts and the tertiary sulfonium salts are more preferable and the quaternary 
phosphonium salts are most preferable. A single type or a mixture of two or more types of the above conrpounds may 
be used. 

[0025] The amount of tiie polymerization catalyst is 0.001 to 3.0 parts by weight and preferably 0.005 to 2.0 parts 
by weight per 100 parts by weight of the episulfide compound having one or wore epithio structures represented by for- 
mula (1) in one molecule or the composition conrprising 10% by weight or motB of the disulfide compound. 
[0026] In the present invention, the connposition comprising the episulfide conrpound having one or more epithio 
structures represented by formula (1) in one molecule comprises, in addition to the epsulf ide connpound having one or 
more epithio structures represented by formula (1) in one molecule, a conpound having one or more functional groups 
reactive witii the epithio group in formula (1). a compound having one or more functional groups reactive with the epithio 
group and one or more otiier homopolymerizable functional groups, a compound having one or more homopdymeriz- 
able functional groups or a compound having one homopolymerizable functional group which is reactive with the epithio 
group. Specific exanples of these conpounds indude corresponding compounds described as examples In the sped- 
fication of Japanese Patent Application Laid-Open No. Heisei 9(1997)-255781. 

[0027] It is preferafc)le that a radical polymerization initiator Is used to promote the polymerization when a compoi^Kl 
having an unsaturated group is used. As the radical polymerization initiator, any compound which generates radical by 
heating or by in^adiation of ultraviolet ligfit or electron beanis can be used. Specific exanples of the radical polymeriza- 
tion initiator indude corresponding conpounds described as exanrples In the specification of Japanese Patent Applica- 
tion Laid-open No. Heisei 9(1997)-255781. 

[0028] It is possible tiiat a conrpound having one or more SH groips is used as tine antioxidation conrponent alone 
or in combination witti conventional antioxidants to provide the cured product with further inrproved oxidation resstance. 
Exanrples of the compound having one or more SH groups indude mercaptans and thiophenols. Further examples 
include mercaptans and tiiiophenols having unsaturated groips such as vinyl group, aromatic vinyl groups, methacryl 
group, acryl group and ally! group. Specific examples of the compound having one or more SH groups indude corre- 
sponding compounds descrit>ed as examples in tiie specification of Japanese Patent Application Laid-Open Na Heisei 
9(1997)-255781. 

[0029] It is also possible that a conrpound having one or more active hydrogen atoms other than that of SH group 
is used to improve the properties such as the tint performance and strengtii. Exanrples of the active hydrogen atom 
include hydrogen atoms in hydroxyl group, cartxixyl group and amide group and hydrogen atoms at the 2-position of 
1,3-diketones, 1 .3-dicartx>xylic acids, esters of 1 ,3-dicaribQxylic acids, 3-ketocartx2xyfic acids and esters of 3-ketocar- 
boxylic acids. Examples of the conrpound having one or more active hydrogen atoms in one molecule indude alcohols, 
phenols, mercaptoalcohols, hydroxythiophenols, carboxylic acids, mercaptocarboxylic acids, hydroxycarlxjxylic adds, 
amides. 1 .3-diketones, 1 ,3-dicart>oxylic adds, esters of 1 ,3-dicart)oxyIic acids. 3-ketocartK)xylic ackls. esters of 3-keto- 
cartx)xyiic adds and conrpounds having unsaturated groups such as alcohols, phenols, mercaptoalcohols, hydroxyttii- 
ophenols, carboxylic adds, mercaptocartwxyiic adds, hydroxycartxjxylic acids, amides. 1 .3-diketones, 1 .3-dicartx)xyric 
acids, esters of 1,3-dicartx)xylic acids. 3-ketocartx)xylic adds and esters of 3-ketocartx)xylic adds having vinyl group, 
aromatic vinyl groups, methacryl group, acryl group and allyl groip. Specif ic examples of the compound having one or 
more active hydrogen atonr^ other than that of SH groip include corresporxiing compounds described as examples in 
the specification of Japanese Patent Application Laid-Open No. Heisei 9(1997)-255781. 

[0030] It is also possible that a conrpound having one or more isocyanate groups is used to improve strength. Spe- 
cific examples of the compound having one or nrx)re isocyanate groups indude conresponding conpounds described 
as exanrples in the specification of Japanese Patent Application Laid-Open No. Heisei 10(1997)-028481. 
[0031 ] In ttie present invention, when the conrposition comprising the epfeutf ide compound having one or more epi- 
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thio structures represented by formula (1) is prepared, the disulfide compound is used in an anrountjf 10% by weight 
or more, preferably 20% by weight or more and more preferably 30% by weight or more of the compofeitbn. When the 
amount is less than 10% by weight, the balance between the large refractive index and the large Abbe number cannot 
be maintained. 

5 [0032] In the process for producing a resin having a large refractive index of the present invention, it is, of course, 
possible that conventional antioxidants and ultraviolet light absorbents are added to further inrprove the practical prop- 
erties of the resin. The optical material produced in accordance with the process.of the present invention tends to be 
cleaved from molds during polymerization. Th^-efore. it is effective that conventional external and/or internal adhesion 
inprwers are used or added to control and improve adhesion between the obtained optical material and the mold. 

10 [0033] In the process for producing a resin having a large refractive index of the present invention, the episulfide 
conpound having one or more epithio structures represented by fbmrujla (1) in one molecule alone or the conrposition 
comprising the corrpound, the phenol derivative exhibiting the effect of improving oxidatiOTi resstance and fight resist- 
ance described above, the catalyst and conponents used where necessary such as adhesion improvers, ultraviolet 
light absort)ents, radical polymerization initiators arwl various agent for improving properties are mixed together to form 

75 a homogeneous mixture and the prepared mixture is cast into a mold made of glass or a metal, heated to allow the 
polymerization to proceed arxJ removed from the mold to produce an optical material. 

[0034] It is possible that, before the above mixture is prepared and cast into a mold, a preliminary polymerization 
of the entire amount or portions of the episulfide compound having one or ntore epithio structures represented by for- 
mula (1) alone or the corrposition comprising the episulf ide conpound is conducted at -100 to 1 60°C for 0.1 to 72 hours 

20 in the presence or in the absence of a catalyst while being stirred or not stirred and then the mixture is prepared using 
the preliminarily polymerized corrpound or composition and cast into a nriold. The preliminary polymerization is con- 
ducted preferably in the condition of -10 to 1 00**C and 1 to 48 hours and more preferaWy of 0 to 60°C and 1 to 48 hours. 
[0035] The process for producing the resin for optical materials of the present invention is described more specifi- 
cally in the following. The main materials and auxiliary materials are mixed together as deiscribed above and the 

25 obtained mixture is cast into a nrald and cured. The episulfide conpound having one or more epithio structures repre- 
sented by formula (1) in one molecule alone or the conposrtion conprising the ef^suffide conpound. the phenol deriv- 
ative exhibiting the effects of improving oxidation resistance and light resistance descrijed above, the catalyst, the 
corrponent used where desired, i.e., the compound having two a more functional groups reactive with the epithfo 
group, the compound having one or more functional groups reactive with the epithio group and one or more homopol- 

30 ymerizaWe functional groups, the compound having one or more homopolymerizaWe groups or the compound having 
one homopoiymerizat)le functional group which is reactive with the epithio group, and other additives such as antioxi- 
dants, conponents for improving the tint performance and strength, adhesion improvers, stabilizers and radical polym- 
erization initiators may be mixed together in one vessel at the same time in the entire amounts. Alternatively, the 
components may be added stepwise. Some components may also be mixed together separately in advance and the 

35 Obtained mixtures may be rnixed with other conponents in one vessel. The materials and auxiliary materials used may 
be mixed together in any desired order. The temperature and the time of ntixing are not limited as long as the compo- 
nents can be sufficiently mixed together. However, an excessively high temperature and an excessively tong time are 
not preferable because undesirable reactions take place between the components to increase viscosity and the opera- 
tion of casting becomes difficult. The tenperature of mixing should be in the range of about -50 to 100**C, preferably in 

40 the range of -30 to SO'^C and more preferably in the range of -5 to 30**C. The time of mixing is In the range of 1 minute 
to 5 hours, preferably in the range of 5 nranutes to 2 Irours. more preferably in the range of 5 to 30 mirujtes and most 
preferably in the range of about 5 to 1 5 minutes. It is preferable that degassing under vacuum is conducted before, dur- 
ing or after mixing the materials and the additives to prevent formation of bubbles during casting and curing in the mold. 
The pressure of the degassing is about 0. 1 to 700 mmHg and preferably about 1 0 to 300 mmHg. To obtain a better qual- 

45 ity of the resin for optical materials in the present invention, it is preferable tiiat inpurities are removed l>efore tiie casting 
from the main material and the auxiliary materials by filtration using a filter having a pore diameter of 0.05 to 3 microns. 
After the mixture is cast into the mold made of glass or a metal, the curing by polynDerization is conducted in an electric 
oven or the like. The curing time is 0.1 to 100 hours and generally 1 to 48 hours. The curing tenperature is -10 to 160*C 
and generally -10 to 140**C. The polymerization can be conducted by the steps of holcfing the tenperature at a specific 

50 polymerization temperature for a specifk: period of time, raising the temperature at a speed of 0.1 to 100**C/hour and 
lowering the temperature at a speed of 0.1 to lOO^C/hour or a combination of these steps. It is preferable that the mate- 
rial obtained after the curing is annealed at a temperature of 50 to 150*0 for about 10 minutes to 5 hours to remove 
strains from the prepared optical material of the present invention. Where necessary, the prepared material may have 
treatments of tinting, formation of hard coat prevention of reflection and prevention of douding of the material. 

55 [0036] In accordance with the process of tiie present invention in which 0.001 to 3.0 parts by weight of the phenol 
derivative is added in advance to 100 parts by weight of the episulfide conpound having one or more epitiiio structures 
represented by formula (1) in one molecule or the composition conprising 10% by weight or more of the episulf ide com- 
pound and the obtained mixture is cured by polymerization, the resin having a large refractive index which exhibits more 
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excellent oxidation resistance and light resistance than those obtained in accordance with conveg^'onal processes can 
be produced. Moreover, in accordance with the process of the present invention in which O.OOlTo 3.0 parts by weight 
of the quaternary ammonium salt, the quaternary phosphonlum salt, the tertiary sulfonium salt or the secondary iodo- 
nium salt is added as the catalyst and the obtained mixture is cured by polymerization, the resin having a large refrac- 
5 five index which exhibits more excellent transparency and color tone than those obtained in accordance with 
conventional processes can be produced. 

EXAMPLES 

10 [0037] The present invention will be described more specifically with referee to exanples in the following. How- 
ever, the present invention is not limited to the exanples. The properties of the obtained lenses were evaluated in 
accordance with the following methods. 

1 . Refractive index and Abbe number (ND and vD) 

15 

[0038] The refractive index and the At)be number were measured at 25°C using an Abbe refractometer. 

2. Degree of yellow color 

20 [0039] Using a cdorinneter, the SYI value of a lens having a thicknoss of 2.5 mm was measured. A material having 
a SYI value of 1 ,5 or less can be used as an optical material for lenses. However, the smaller the value of 6YI. the more 
advantageous the nnterial with respect to the degree of yellow color. 

3. Oxidation resistance 

[0040] A lens having a thickness of 2.5 mm w^ heated at 1 30°C for 3 hours in the atmosphere of the air and the 
increase in the value of SYI was measured after the heating. The smaller the increase in tiie value, tiie better the oxida- 
tion resistance. 

30 4. Light resistance 

[0041 ] A lens having a thickness of 2.5 mm was irradiated by a light emitted from a burning carbon arc for 60 hours 
and the increase in the value of SYI was measured after the irradiation. The smaller the increase in the value, tiie better 
the light resistance. 

35 

5. Transparency 

[0042] A lens having a thickness of 10 mm was in-adiated by a light for a projector in a dark room and examined 
with respect to the turbidity. When the turbidity found in this observation is slight, the material can be used as an optical 
40 material. However, it is l>etter tfiat no turbidity is found. 

none: no turbidity found 
slight: slight turbidity found 
dense: dense turbidity found 

45 

Example 1 

[0043] Into 95 parts by weight of bis(p-eprthiopropyl) sulfide and 5 parts by weight of n-butyl tiiiogfycolate, 0. 1 part 
by weight of catechol as the antioxidant 0.1 part by weight of tetrabutylanvmnium bronrude as the catalyst and 0.1 part 

so by weight of SUMISOLVE 340 (manufactured by SUMITOMO KAGAKU Co.. Ltd.; 2-(2-hydroxy-5-tocty^3henyl)ben20t- 
riazole) as the urtravtolei absorbent were mixed and the mixture was stinted at tiie room temperature to prepare a homo- 
geneous liquid. The prepared liquid was defoamed. filtered, cast into mokls for fiat lenses having a thickness of 2.5 mm 
and 10 mm and cured by polymerization in an ov»i heated in a manner such tiiat tiie terrperature was raised from 20 
to 90°C in 20 hours to prepare lenses. The obtained lenses showed excellent heat resistance and physical properties. 

55 excellent surface conditions and showed few striae and little deformation on the surface. The results of tiie evaluation 
of the refractive index, the Abbe number, the degree of yellow color, the oxidation resistance and the light resistance of 
the pr^red lenses are shown in Table 2. 
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Exanples 2 to 1 1 ' " :y 

[0044] The same procedures as those conducted in Exanrple 1 were conducted except that the compositior^ con- 
taining the episuJfide conrpounds having epithk) structures represwited by formula (1), the antioxidants and the cata- 
lysts shown in Table 1 were used and lenses were prepared. The results of the evaluation of the refractive index, the 
Abbe number, the degree of yellow color, the oxidation resistance and the light resistance of the prepared lenses are 
shown in Table 2. 

Example 12 

[0045] The same procedures as those completed in Example 1 were conducted except that pentaerythrytyl tet- 
rakis(3-(3,5-di-t-butyl-4-hydroxyphenyi)propionate) was used as the antioxidant and lenses were prepared. The results 
of the evaluation of the refractive index, the Abbe number, the degree of yellow color, the oxidation resistance and the 
light resistance of the prepared lenses are shown in Table 2. 



Table 1 





Composition^) (part by weight) 


Phenol derivative^' (part 
by weight) 


Catalyst^' (part by 
weight) 


Example 1 


BEPS=:95. BTG=5 


C=0.1 


TBAB=0.1 


Example 2 


BEPTE=95. BTG=5 


TBC«0.1 


TEA=0.1 


Example 3 


BEPTES=95, BTG=5 


TBC=0.1 


TEA=0.1 


Example 4 


BEPTE=90. BMES=:5, HEMA=5 


P=0.1 


TBAB=0.1 


Example 5 


BEPTE=90, BMES=5. REMAPS 


TCP=0.1 


TBAB=0.1 


Example 6 


BEPS=90, BMES=5, PHPA=5 


C=0.1 


TBAB=0.1 


Example 7 


BEPS=90. BMES=5, PHPA=5 


C=0.1 


TBPB=0.1 


Example 8 


BEPS=90. BMES==5. PHPA=5 


C=0.005 


TBPB=0.1 


Exanple 9 


BEPS=90. BMES=5, PHPA=5 


C=2.0 


TBPB=0.1 


Example 10 


BEPS=90. BMES=5, PHPA=5 


TBC=0.1 


TBPB=0.1 


Example 1 1 


BEPS=20, BMES=20, BGTPS^60 


TBC=0.1 


TEA=0.1 


Example 12 


BEPS=95, BTG=5 


PTDTHP=0.1 


TBAB=0.1 



1) BE PS: bisO-epfthiopropyO sulfide 
BE PTE: bis(t^epthiopropyIthio)ethane 

BE PTES: bis(^epHhiopropytthioethyO sulide 

BTG: n-butyl thioglycolate 

BMES: bis(2-mercaploethyO siifide 

HEMA: 2-hydorxyelhyl methacrylate 

PH PA: 3-phenoxy-2-hydroxyp5ropyl acrylate 

BGTPS: tNS<4-glydicytthtophenyO sulfide 

2) C: catechol 
TEC: t-butylcatechol 
P: pyrogaQol 

TCP: 2,4,6-trichlorophenol 

PTDTHP: pentaerythrilyl tetrakis(3-(3,5-di-t-bulyl-4-hydroxyphenyOpropionale) 

3) TBAB: tetrat>utylammonium bromide 
TEA: thethylamine 

TBP6: tetrat>utytpho5phoniuni bromide 
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Table 2 





Refractive index 


Abbe nurrdjer 


Degree of yel- 

low minr 


Oxidation resist- 


Light resistance 


Turbidity 


Pxarnnle 1 


1.71 


36 


0.7 


0.4 


0.5 


none 




1 71 






n d 








1 71 


oo 




n d 






Fxamnle 4 


1.70 


36 


0.7 


0.3 


0.5 


none 


Example 5 


1.70 


36 


0.7 


0.3 


0.5 


none 


Exanrple 6 


1.70 


36 


0.7 


0.3 


0.5 


none 


Example 7 


1.70 


36 


0.6 


0.2 


0.4 


none 


Example 8 


1.70 


36 


0.6 


0.3 


0.5 


none 


Example 9 


1.70 


36 


0.7 


0.2 


0.4 


none 


Example 10 


1.70 


36 


0.6 


0.2 


0.4 


none 


Example 1 1 


1-70 


30 


0.7 


0-4 


0.5 


none 


Example 12 


1.70 


36 


0.7 


0.5 


0.7 


none 



Example 13 

[0046] Into 100 parts by weight of bis(p-epithiopropylthio)ethane. 0.1 part by weight of tetrabutylammonium bro- 
mide as the catalyst was mixed and the mixture was stirred at the room tenperature to prepare a homogeneous liquid. 
The prepared liquid was defoamed» filtered, cast into molds for flat lenses having a thickness of 2.5 mm and 10 mm and 
cured by polymerization in an oven heated in a manner such that the temperature was raised from 20 to 90*C in 20 
hours to prepare lenses. The obtained tenses showed excellent heat resistance and physical properties, excellent sur- 
face conditions and showed few striae and little defamation on the surface. The results of the evaluation of the refrac- 
tive index, the Abbe number, the degree of yellow color and the turt)idity of the prepared lenses are shown in Table 5. 

Examples 14 to 25 

[0047] The same procedures as those conducted in Example 1 3 were conducted except that the conpositions con- 
taining the episulfide compounds having epithio structures represented by formula (1) and the catalysts shown in TaWe 
3 were used and lenses were pr^aared. Tlie results of the evaluation of the refractive index, the Atsbe number, the 
degree of yellow color and the turt)tdity of the prepared lenses are shown in Table 5. 

Conparative Example 1 

[0048] The same procedures as those conducted in Example 13 were conducted except that 5 parts by weight of 
tetrabutylammonium bromide was used. The mixture turned into a gel during mixing and could not be cast into the 
molds. 

Comparative Example 2 

[0049] The same procedures as those conducted in Exanple 13 were conducted except that 0.0005 parts by 
weight of tetrabutylamnnonium bromide was used. The prepared lenses were yellow rubbery soft resir^ and the optical 
properties cotid not be measured. 

Comparative Example 3 

[0050] The same procedures as those conducted in Example 13 were conducted except that 0.1 part by weight of 
triethylamine was used in place of 0.1 part by weight of tetralxitylammonium bromide. As shown in Table 5. the obtained 
lenses was slightly turbid. 
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Comparative Examples 4 to 6 j-^ 

[0051 ] The same procedures as those conducted in Example 1 3 were conducted except that con'positions contain- 
ing the episulfide compounds having eprthio structures represented by formula (1) and the catalysts shown in Table 4 
5 were used and lenses were prepared. The results of the evaluation of the refractive index, the Abbe number, the degree 
of yellow color and the turbidity of the prepared lenses are shown in Table 5. 



Table 3 



10 




Conrposition (part by weight) 


Catalyst (part by weight) 




Example 13 


bis(p-ep>thiopropytthio)6thane=1 00 


tetrabutylammontum bromide=0.1 




Example 14 


bis(p-epithiopropyt) sulfide = 100 


tetratxjtylammonium bromide=0.1 


15 


Example 15 


2.5-bis{p-epithiopropyIthiomethyi)-1,4-dithiane = 100 


tetrabutylamnnonium iodide =0.01 




Exanrtple 16 


bis(p-epithiopropylthio)ethane = 95 


tetrabutylamnfvonium bromide=0.1 






n-butyl thioglycoiate = 5 






Example 17 


bis(p-ep(thropropylthio)ethane = 95 


tetrabutylphosphonium bromide = 0.05 


20 




n-butyl thioglycoiate = 5 






Exannple 18 


bis(p-epithiopropylthio)ethane = 90 


tetrabutylamnranium bromide=0.1 






bis(2-mercaptoethyl) sulfide = 5 




25 




2-hydroxyethyl melhaaylate = 5 






Example 19 


bis(p-epith»opropyl) sulfide = 95 


tetrabutylphosphonium bromide = 0.05 






2-mercaptoethanol = 5 






Exanple 20 


bis(p-epithiopropyl) sulfide = 95 


tributylsulfonium iodide = 1 .8 


30 




2-mercaptoethanol « 5 






Example 21 


bis(p-epithiopropyO sulfide = 93 


triethylbenzylammonium chloride = 0.1 






n-butyl thioglycoiate = 6 




35 




2-hydroxyethyl methaaylate = 1 






Example 22 


bis(p-epithiopropyl) sulfide - 90 


tetrabutylamnronium bromtde=0.1 






bis(2-mercaptoethyl) sulfide = 5 








3-phenoxy-2-hydroxypropyl acrylate = 5 




40 


Example 23 


bis(p-epithiopropyl) sulfide = 90 


tetrabutylphosphonium bromide ==0.05 






bi5(2-mercaptoethyl) sulfide = 5 








3-phenoxy-2-hydroxypropyi acrylate = 5 




45 


Exanple 24 


bis(p-epithiopropyl) sulfide = 20 


tetrabutylamnwnium bromide=0. 1 






l)is(2-mercaptoethyl) suit kJe = 20 








bis{4-glyc«Jytthiophenyl) sulfide = 60 




SO 


Example 25 


2,5-bis(p-epithiopropy1thiomethyl)-1,4-cfithiane » 95 


di^enyliodonium bromide » 0.25 




2-mercaptoethanol = 5 
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Table 4 





Composition (part by weight) 


Catalyst (part by weight) 


Comparative Example 1 
Comparative Example 2 
Comparative Example 3 
Comparative Example 4 

Comparative Example 5 
Comparative Example 6 


bis(p-epithiopropylthio)ethane = 100 
bisO-epittiiopropylthio)ethane = 100 
bis(p-epithiopropylthio)ethane = 100 
bis(p-epithicprapylthio)ethane = 95 
n-butyl thioglycolate = 5 
bis(p-epithiopropy() sulfide = 93 
n-lxjtyl thioglycolate = 6 
2-hydroxyethyl methaaylate = 1 
bls(p-eptthiopropyl) sulfide = 8 
bis(2-mercaptoethyl) sulfide = 7 
bis(4-glycidylthiophenyi) sulfide =85 


tetrabutylammonium bromide = 5 
tetrabutylammonium bromide = 0.0005 
triethylamine = 0.1 
triphenylphosphine ~ 0.01 

piperidine =1.0 
diethylcydohexylamine = 0.5 



25 

Tables 







Refractive index 


Abbe number 


Degree of yellow color 


Turbidity 




Exarrple 13 


1.71 


36 


0.9 


none 


30 


Exanple14 


1.71 


35 


0.9 


none 




Example 1 5 


1.71 


36 


0.9 


none 




Exanple 16 


1.70 


36 


0.8 


none 


35 


Example 17 


1.70 


36 


0.6 


none 


Example 18 


1.70 


36 


0.8 


none 




Example 19 


1.70 


36 


0-6 


none 




Example 20 


1.70 


36 


0.7 


none 


40 


Example 21 


1.70 


36 


0.8 


none 




Example 22 


1.70 


36 


0.8 


none 




Exanple 23 


1.70 


36 


0.6 


none 


45 


Example 24 


1.70 


30 


0.9 


none 


Example 25 


1.70 


36 


0.8 


none 




Corrparative Example 1 


gel formed during mixing 








Conparative Example 2 


soft lenses obtained 


2.0 


dense 


SO 


Comparative Example 3 


1.71 


36 


0.9 


sfight 




Comparative Example 4 


1.70 


36 


1.2 


slight 




Comparative Example 5 


1.70 


36 


1.0 


dense 


55 


Corrparative Example 6 


1.68 


29 


1.1 


slight 
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Claims 

1, A process for producing a resin having a large refractive index which comprises curing an episulfide compound 
having one or more eprthio structures in one molecule by polymerization in the presence of a polymerization cata- 
lyst and 0.001 to 3.0 parts by weight of a phenol derivative per 1 00 parts by weight of the episulfide compound, the 
epithio structure being represented by formula (1): 

-(Y)„-(R')„.-C — C-R^ 

S (1) 



75 

wherein represents a hydrocartxn group having 1 to 10 cartoon atoms. R^, R^ and R"^ each represents hydrogen 
atom or a hydrocart>on group havirg 1 to 10 cartx)n atoms. Y represents S, O, Se or Te and m and n each repre- 
sents 0 or 1 . 

20 2. A process for producing a resin having a large refractive index which conrprises curing a composition conprtsing 
1 0% by weight or more of an episulfide connpound havinig one or more epithio structures represented by formula 
(1) descrB^ed in Giaim 1 in one molecule by polymerization in the presence of a polymerization catalyst and 0.001 
to 3.0 parts by weight of a phenol derivative per 1 00 parts by weight of the composition. 

25 3. A process according to any of Claims 1 and 2. wherein the phenol derivative has a molecular weight of 200 or less. 

4. A process accorcfing to any of Claims 1 and 2. wherein the phenol derivative is a pdyhydric phenol or a phenol sub- 
stituted with a halogen. 

30 5. A process according to Claim 4. wherein the polyhydric phenol is catechol, pyrogallol or catechol substituted with 
an alkyi group. 

6. A process according to any of Clainns 1 and 2. wherein the polymerization catalyst is at least one potym^ization 
catalyst selected from the groip consisting of quaternary ammonium salts, quaternary phosphonium salts, tertiary 

35 sulfonium salts and secondary iodoniuin salts. 

7. A process for producing a resin having a large refractive index which comprises curing an episulfide compourxi 
having one or more epithio structures in one molecule by polymerization in the presence of 0.001 to 3.0 parts by 
weight of at least one polymerization catalyst selected from the group consisting of quaternary ammonium salts, 

40 quaternary phosphonium salts, tertiary sutfonium salts and secondary iodonium salts per 100 parts by weight of 
the episulfide compound, the epithio structure being represented by formula (1): 

1 ' ' 4 

-(Y)„-(R^)„-C — C-R^ 

S (1) 

50 wherein R^ represents a hydrocart)on group having 1 to 10 cartjon atoms, R^ R^ and R* each represents hydrogen 
atom or a hydrocarbon group having 1 to 10 caibon atoms. Y represents S, O, Se or Te and m and n each repre- 
sents 0 or 1. 

8. A process for producing a resin having a large refractive index which comprises curing a composition conprrsing 
55 10% by weight or more of an episulfide compound having one or more epithio structures represented by formula 

(1) described in Claim 7 in one molecule by polymerization in the presence of 0.001 to 3.0 parts by weight of at 
least one polymerization catalyst selected from the group consisting of quaternary anmonium salts, quaternary 
phosphonium salts, tertiary sulfonium salts and secondary iodoniun salts per 100 parts by weight of the composi- 
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